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ABSTRACT. Weight gain is a key performance trait for beef cat-
tle; however, attention should be given to the production costs for 
better profitability. Therefore, a feed efficiency trait based on per-
formance can be an interesting approach to improve performance 
without increasing food costs. To identify candidate genes and ge-
nomic regions associated with residual body weight gain (RWG), 
we conducted a genome-wide association study (GWAS) with 720 
Nellore cattle using the GRAMMAR-Gamma association test. We 
identified 30 significant single nucleotide polymorphisms (SNPs), 
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especially on chromosomes 2, 8, 12, and 17. Several genes and 
quantitative train loci (QTLs) present in the regions identified were 
appointed; we highlight DMRT2 (doublesex and mab-3 related tran-
scription factor 2), IFFO2 (intermediate filament family orphan 2), 
LNX2 (ligand of numb-protein X 2), MTIF3 (mitochondrial transla-
tional initiation factor 3), and TRNAG-CCC (transfer RNA glycine 
anticodon CCC). The metabolic pathways that can explain part of 
the phenotypic variation in RWG are related to oxidative stress and 
muscle control.
Key words: Beef cattle; Nellore; Feed efficiency; Average daily gain; 
Genome-wide association study; Single nucleotide polymorphism
INTRODUCTION
Feed efficiency traits are proposed to reduce costs of beef cattle. Generally feed ef-
ficiency traits, such as residual feed intake, focus on feed intake and not on weight gain. The 
feed efficiency traits correlated with performance, such as the feed conversion ratio, have 
antagonistic responses to feed intake (Arthur et al., 2001). In this context, the residual body 
weight gain (RWG) was proposed as a feed efficiency trait that could increase growth rates 
without changing feed intake (Berry and Crowley, 2012). However few studies have been 
performed with this trait. A possible strategy to identify candidate genes related to under-
explored phenotypes is through the use of genomic information, mainly by genome-wide 
association studies (GWAS) that relate hundreds of thousands of single nucleotide polymor-
phisms (SNPs) with a phenotype (Goddard and Hayes, 2009). The objective of this study 
was to identify the SNPs associated with RWG and explore genomic regions surrounding 
the significant markers searching for candidate genes that may be linked to RWG.
MATERIAL AND METHODS
The data used in this study are a compilation of 11 different experiments, which 
were approved by their respective ethic committees (Gomes et al., 2013; Santana et al., 
2013). Phenotypic and genotypic information from 720 steers and young Nellore bulls 
were used in this study. The collection of phenotypes in the feedlot lasted for no less 
than 70 days and was performed in individual pens and collective stalls (GrowSafe and 
Calan gates). Individual daily feed intake was measured and adjusted to dry matter intake 
(DMI), and each animal was weighed periodically to obtain the metabolic body weight 
(MBW). The average daily gain (ADG) was estimated as the slope of the linear regression 
of weights by experimental days. The RWG was estimated as the regression equation resi-
due of ADG on MBW, DMI, contemporary group (experimental group), and gender (young 
bull or steer). There was no evidence that the data deviated from normality (Shapiro-Wilk 
test) and RWG had an average of 0:00 ± 0:31.
Genomic information of about 350,000 SNPs in autosomal chromosomes (Chr) was 
used for association tests after quality control. More details of genomic data are described by 
Santana et al. (2014). The GRAMMAR-Gamma (Svishcheva et al., 2012) association test was 
used and the analysis was performed in R using the GenABEL package (Aulchenko et al., 
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2007). A modified Bonferroni correction of 5% for multiple testing (α = 9.27 x 10-5) was used 
as the threshold (Gao et al., 2008). The 10 most significant SNPs have been described and the 
flanking candidate genes investigated (Kinsella et al., 2011).
RESULTS AND DISCUSSION
Thirty SNPs exceeded the threshold used (Figure 1) in GWAS for RWG of Nellore 
cattle. The most significant marker was rs110851489 (Chr12:32673654, P = 3.97 x 10-6) with 
an estimated allele substitution effect of 0.198 kg/day. In addition, the QTLs #20947 and 
#20948 (Hu et al., 2013) were previously identified for ADG overlapping this region in Chr12 
(Rolf et al., 2012). 
Figure 1. Manhattan plots for residual body weight gain of Nellore bulls and steers. The horizontal lines represent 
the modified Bonferroni threshold (α = 9.27 x 10-5).
The genome-wide analysis identified some genomic regions affecting RWG, espe-
cially in chromosomes 2, 8, 12, and 17 (Table 1). We highlighted five candidate genes in these 
regions: DMRT2, IFFO2, LNX2, MTIF3, and TRNAG-CCC.
Table 1. Summary of the 10 most significant SNPs for residual body weight gain.
SNP ID Chr1 Position (bp)2 SNP3 Βeta4 P value Candidate Gene Distance (kb)2
rs110851489 12   32673654 A/G 0.198 3.97 x 10-6 LNX2 25.9
rs134566411   2 134259580 C/T 0.164 4.52 x 10-6 IFFO2 32.8
rs110882929 17   61849434 A/G 0.077 5.30 x 10-6 TRNAG-CCC 10.4
rs109247561 17   61850177 A/C 0.075 8.27 x 10-6 TRNAG-CCC   9.6
rs109731399   8   43763099 A/G 0.122 8.41 x 10-6 DMRT2 17.8
rs109186932 12   32677116 C/T 0.184 1.29 x 10-5 LNX2 29.4
rs41624033 12   32687103 A/G 0.184 1.29 x 10-5 MTIF3 23.5
rs109159874 17   61853619 C/T 0.110 1.40 x 10-5 TRNAG-CCC   6.2
rs41847922 17   61862755 C/T 0.110 1.40 x 10-5 TRNAG-CCC   2.8
rs109535423 12   32672924 A/G 0.199 1.45 x 10-5 LNX2 25.2
1Autosomal chromosome; 2Assembly Bos taurus UMD v3.1; 3Illumina TOP strand; 4Estimated allele substitution 
effect.
The possible relationship of these genes to the performance of Bos indicus is still un-
known. However the DMRT2 (doublesex and mab-3 related transcription factor 2) gene seems 
to be associated with sexual dimorphism in embryogenesis and sexual development (Bratuś 
and Słota, 2009). MTIF3 (mitochondrial translational initiation factor 3), which is close to the 
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significant SNP rs41624033 in Chr12, has been associated with control of body mass and obe-
sity in mammals in some studies (McCaffery et al., 2012; Casas-Agustench et al., 2014). This 
gene is responsible for encoding a nuclear protein that is necessary for the initiation complex 
formation on mitochondrial ribosomes and differences in its expression can cause oxidative 
stress (Anvret et al., 2010). The relationship between oxidative stress and weight loss has been 
reported in humans (Ozata et al., 2002; Keaney et al., 2003) and in livestock (Lykkesfeldt and 
Svendsen, 2007). This linkage can explain part of the phenotypic difference of RWG, since 
this complex metabolic pathway is involved in oxidative stress and the control of muscle mass 
may be closely related to the performance of the animals.
The indicated candidate genes regulate a small part of the complex polygenic control 
of performance related phenotypes. This study provides supplementary insights into the meta-
bolic pathways related to this kind of trait. Therefore, further studies are necessary to better 
understand the metabolic pathways for important understudied phenotypes such as the RWG.
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